MR sign reversal in various spin valves
and tunnel junctions (non-
ferroelectric)

Yuewei Yin
04/07/2017

Prof. Xu’s group meeting



E E
Vacuum level Vacuum level

U
Band ‘\ |
Fermi level ] Fermi level

alignment




20 um

LSMO(35nm)/STO(2.5nm)/Co(30nm)/Au(5nm)

(b) V=-04 V

La Sr MnO
0.7 03 3

Co "d" electrons
— 3 eV

Spind

SpinT
minority majority

MR(%)

'50 -l TrTrrrrrsrrsrg .: T TV T T
- SAMPLE 1 Yi(a)
-40 10 pm
[ T=5K
- ]
30 F > [
L Iy
: 1 ]
- e IDU 0, . i .
® [ ¥ b 45?;“:11‘“ 115
& ias voltage=+1.15 v
| . . s s .
10 & SAMPLE 2 | P 20 0 20 1
: $ }g Ll | % H(Oe)
| %
OF - == - — —— = L : —_—
INVERSE TMR NORMAL TMR
10 A T T I B ‘..., '
2 -15 -1 0.5 0 0.5 1 1.5 2

Bias voltage (v)

Bias dependent MR is related to the Co band alignment.
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1-2 mm?

FeCo(17nm)/Alg3(150nm)/LiF(1nm)/NiFe(20nm)
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Band shift with CoO forming
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LSMO(50nm)/Alg3(30nm)/Al(O- 6nm)/Co(20nm)
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With Al insertion >2nm, resistance increases, rectification
emerges, and MR sign reversed at positive biases.
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LSMO(35nm)/STO(2.5nm)/Co(30nm)/Au(5nm)
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1-2 mm
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MR (%)

Some: MR sign changes with polarity. Thinner Co, bigger Hc.
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SMO/Alg3/Co
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Hybridization induced MR inverse at Co/Alg3

MR sign was reversed
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LSMO(20nm)/Alg3(12-
60nm)/MgO(3nm)/Co(30nm)/Ru(10nm)

@ lift-off process

AlOx
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Submicron sample,
60% no pinhole;
others show only one
pinhole.
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Onm)/Alg3(12-
60nm)/MgO(3nm)/Co(30nm)/Ru(10nm)
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Replace Alg3 by H2PC

Qg GNP R VLN
\SISTIVEe SWIY Chnl [:‘ (9
> % PWLEIVG DUVILGLINIEECS

e

Control experiment | | Nanostructured
— OSV with completely different organic molecule (H,PC) Sl M
Resistive switching and MR modulation observed

— Switching characteristics almost identical to AlQ,
based devices

— Switching only by LSMO

a) e D)
400- -
= 304
= 200‘l B
3 o ENSS 20
E _onq. -
o 209 = 104
-400+
i = h -/ 4
-600 j P 0 UPL._) =.2 Ovl
-800+ 400 -200. 0 200 400

Magnetfeld (mT)
(R. Géckeritz, unpublished)

RS and MR sign
reversal observed



Pinholes and
localized

states In
barrier




Ballistic magnetoresistance through pinholes
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At higher bias, “hot electron” transport through the pinholes T =4 j“j%”w
results in heat dissipation within the nanocontact region just

outside the ballistic channel. The backscattering into the

narrow channel increases due to larger phonon density of
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Ni/NiO/Co: Resonant tunneling through an

Impurity state
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Big area will average
out the impurity
state position
distribution and
result in small
positive MR effect.
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the energy of a localized state lies
close to the E; and resonant tunneling
dominates direct tunneling



Resonant tunneling through a midgap defect band
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Resonant tunneling using Ni tip STM
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MR show sign reversal with bias.
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